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Abstract. This paper presents an overview of a database of Los Alamos geosyn-
chronous energetic particle data and the tools available to access and analyze
those data. Los Alamos geosynchronous energetic particle measurements began in
1976 and the on-line data coverage currently begins in 1979. Typically data are
available simultaneously from three geosynchronous satellites. Two generations
of instruments have 
own-the Charged Particle Analyzer (CPA) and Synchronous
Orbit Particle Analyzer (SOPA). Both instruments measure electrons and ions
with energies from tens of keV to tens of MeV. The data which have been made
available on-line consist of 1-spin (approximately 10-second) averages or 1-minute
(approximately 6-spin) averages. This paper includes a brief description of the data
holdings, instructions for accessing digital data and summary plots, and instructions
for accessing other reference material related to the data via the World Wide Web.

Introduction

As magnetospheric physics begins to include program-

matic applications the need for timely access to key data

sets has become more acute. Nowhere is this more ap-

parent than in the area that has come to be known as

\Space Weather". Broadly, Space Weather refers to be-

ing able to specify the plasma environment in space and

the e�ects of that environment on the spacecraft that

operate there. Naturally, a key focus of Space Weather

applications is on the region near geosynchronous or-

bit where hundreds of military and civilian spacecraft

operate. Satellites that operate in geosynchronous or-

bit can be a�ected by surface charging, deep dielectric

charging, single event upsets, high detector or electronic

backgrounds, rapid changes in the local electric or mag-

netic �elds, and other interactions with the environment.

Each of these can be related to one or more physical pro-

cesses that a�ect the geosynchronous environment. For

example surface charging can be enhanced by the in-

jection of hot plasma into geosynchronous orbit during

substorms. Deep dielectric charging is more common

during relativistic electron enhancements produced by

the interaction of the magnetosphere with high-speed

solar wind streams from coronal holes.

Geosynchronous orbit is an interesting region for space

weather applications not only because of the large num-

ber of spacecraft that operate there but also because of

the large number of magnetospheric processes that af-

fect it. Geosynchronous orbit lies near the outer edge

of the radiation belts but still within the region of sta-

ble trapping for electrons and ions with energies greater

than several tens of keV. Geosynchronous orbit is the

source region for injection of ions into the ring current

and for the inward radial di�usion of both electrons and

ions into the radiation belts. Geosynchronous orbit is

also near the inner edge of the thermal plasma sheet

and is the region where dispersionless injections of elec-

trons and ions during substorms are most commonly

observed. Geosynchronous orbit is also a good place to

measure the temporal behavior of relativistic electron

enhancements, magnetopause compressions, and solar

energetic particle events.

Because of the importance of geosynchronous orbit,

both as a prime location for satellites and as an interest-

ing region of the magnetosphere, Los Alamos National

Laboratory has 
own a series of energetic particle detec-

tors on geosynchronous satellites beginning in 1976 and

continuing through the present. This paper describes

those data and an on-going project to make the data

available on-line both as digital data and as summary

plots and data synthesis products. The primary access

to data, plots, and other information is currently the

\World Wide Web"{a graphical interface to the inter-

net. One can view this document as a summary of what

is available on \the Web" and a set of instructions for

accessing more detailed information.

The Data

Geosynchronous orbit is a circular orbit located at

a geocentric distance of approximately 6.62 RE (42,000

km) where the orbital period is approximately 24-hours.

In that orbit a spacecraft will stay \�xed" above a par-

ticular geographic longitude. A spacecraft at the geo-

graphic equator can be up to�11�o� the magnetic equa-
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tor due to the tip of the earth's dipole with respect to its

spin axis. Thus geosynchronous satellites at di�erent ge-

ographic longitudes will be at slightly di�erent magnetic

latitudes and therefore slightly di�erent L-shells. In ad-

dition the asymmetries and temporal variation of the

earth's magnetic �eld can also make a geosynchronous

satellite sample di�erent magnetic L-shells. However,

the variation in L is typically quite small and, compared

to an elliptically orbiting satellite like CRRES, geosyn-

chronous satellites are essentially �xed at L=6.6.

As part of an ongoing program the geosynchronous

satellites which carry Los Alamos energetic particle in-

struments are referred to by their unimaginative and

unromantic International Satellite Designator Numbers

(ISDN). An example is satellite 1989-046. The �rst

four digits refer to the year of launch. A given satel-

lite such as 1989-046 might be operated at a single ge-

ographic longitude for its entire lifetime or it might be

moved to a di�erent longitude according to the needs of

the mission. In general though, one satellite has oper-

ated near 70�W. Longitude, one has operated between

130�and 170�E. Longitude, and one has operated be-

tween 30�and 70�E. Longitude. Other longitudes have

been covered at various times and for various amounts

of time [ep locations.html].

Los Alamos has 
own two generations of energetic

particle detectors at geosynchronous orbit. The Charged

Particle Analyzer (CPA) instrument was 
own on satel-

lites from 1976 to 1987 and one or more CPA-equipped

satellites operated through 1995. The Synchronous Or-

bit Particle Analyzer (SOPA) was 
own on satellites be-

ginning in 1989. Four SOPA-equipped satellites have

been launched so far. Typically data are received from

three or four satellites simultaneously. Nominal data

coverage is 24-hours per day but data gaps do exist.

Frequently a data gap on one satellite is due to switch-

ing ground receivers from that satellite to another satel-

lite in the constellation. (See Figure 1.) Between 1989

and 1996 data are typically available from both CPA-

equipped satellites and SOPA-equipped satellites.

Although the CPA and SOPA instruments are sim-

ilar there are some di�erences. CPA measures elec-

trons from 30 keV to 2 MeV in 12 energy channels.

It measures protons from approximately 75 keV to ap-

proximately 200 MeV in 26 energy channels. The en-

ergy thresholds for protons are \approximate" because

there is some variation from one spacecraft to another.

For example the nominal lowest energy proton thresh-

old varies from 70 keV on spacecraft 1984-037 to 147

keV on spacecraft 1977-007. Six \low energy" electron

channels are measured with �ve telescopes at angles of

0�, �30�, and �60�from the spin plane while the re-

maining measurements are made with single-look direc-

tion telescopes mounted at 0�with respect to the spin

plane (referred to as the \belly band"). More detailed

information on the CPA can be found in Higbie et al.,

[1978] or in the LANL Energetic Particle bibliography

[ep publications.html].

The SOPA instrument measures electrons from 50

keV to greater than 1.5 MeV in 10 energy channels

and protons from 50 keV to 50 MeV in 12 channels.

(In addition there are ten channels for heavy ions in-

cluding alpha particles, Carbon, Nitrogen, Oxygen, and

others.) Protons and electrons are measured together

using three telescopes mounted at 0�, 30�, and -60�with

respect to the spin plane (belly band). More detailed

information on the SOPA can be found in Belian et al.,

[1992] or in the LANL Energetic Particle bibliography

[ep publications.html].

Spacecraft carrying both generations of instruments

(CPA and SOPA) are actively controlled such that the

spin axis of the satellite points continuously toward the

center of the earth. Therefore the nominal dipole mag-

netic �eld direction is approximately perpendicular to

the spin axis. In that con�guration complete pitch an-

gle coverage is obtained for all electrons and ions each

spin of the spacecraft (about 10.24 seconds). When the

�eld becomes inclined and is no longer perpendicular to

the spin axis excellent pitch angle coverage is still ob-

tained for all SOPA channels (from 3 telescopes) and

from the six \low energy" CPA channels (from 5 tele-

scopes) while the other CPA measurements are limited

in pitch angle according to the inclination of the �eld.

This limitation should be remembered when analyzing

spin-averaged data.

In addition, satellites carrying SOPAs also carry the

Energy Spectrometer for Particles (ESP) instrument

[Meier et al., 1996] which measures electrons from 0.7

to 26 MeV in 6 channels and protons from 11 to greater

than 20 MeV in three channels. Those data are not yet

included in our on-line database and will not be dis-

cussed further in this publication.

On-Line Access

Digital data have been stored on-line using a SUN

workstation and 12 GB of hard disk storage. The name

of the workstation is leadbelly.lanl.gov and its inter-

net node number is 128.165.207.108. Leadbelly is named

after the great blues pioneer Huddie Ledbetter, bet-

ter known as Leadbelly [http://leadbelly.lanl.gov/

leadbelly.html]

A single data �le is stored for each satellite for each

day. By convention �les are named with the date (Uni-

versal Time) and International Satellite Designator Num-

ber. The date is in YYMMDD format so a �le for

November 2, 1991 for satellite 1989-046 will be called

911102 1989-046. A �le extension may be added to

indicate how the data were processed. For example,

911102 1989046.flux.sum. The data are stored as

ASCII text �les which have then been compressed with

the gzip utility. Each �le includes ephemeris informa-

tion. The �rst column is universal time (in decimal

hours), followed by geographic latitude (-90�to +90�),

geographic longitude (-180�to +180�), geocentric radius

(in RE), and count rates (counts/second) for each en-
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ergy channel. The data may be processed to extract

only certain energy channels, to convert count rates to


ux, or to sum sets of energy channels.

Two sets of data �les are archived. From 1989 to the

present the raw telemetry data were stored on optical

platters. Those data have been reprocessed to produce

1-spin (� 10-second) averages. From 1979 to 1989 1-

minute averages were stored along with the raw teleme-

try data on magnetic tape. Those data have been re-

processed to produce 1-minute average data �les in the

same format as the 10-second data �les. Over 6,000

of the original magnetic tapes are being reprocessed to

produce 10-second averages to replace the 1-minute av-

erages and to �ll in 1976 to 1979 when no averages were

archived. Currently 10-second averages have been pro-

duced for 1986 (the PROMIS period which includes cov-

erage by the Viking auroral imager) and for 1979 (which

includes ISEE 1 and 2 tail coverage) in addition to all

the data from 1989 onward.

We believe this data set represents a unique resource

for space plasma physics in general and for radiation

belt studies and modeling in particular. It is one of

the longest and most continuous sets of satellite data.

Multiple satellites provide good coverage in local time.

The instruments have broad spectral and pitch angle

coverage. And, the data are available on-line and are

acquired in real time.

The Energetic Particle Home Page [lanl ep.html]

All of the data and summary plots described here

are available electronically over the internet. We have

chosen to use the graphical interface and server pro-

tocol known as the World Wide Web (or simply the

Web) as the primary means for accessing those products.

The web server is also known as leadbelly.lanl.gov

and the Universal Resource Locator (URL) is http://

leadbelly.lanl.gov/.

The Los Alamos Energetic Particle \Home Page" is

located at lanl ep.html. (If a full URL is not given the

pre�x http://leadbelly.lanl.gov/lanl ep data/

should be assumed. E.g. http://leadbelly.lanl.gov/

lanl ep data/lanl ep.html). The LANL EP Home

Page is a common point of reference for �nding other

pages. From there the user can (1) request digital data

as described below, (2) access summary plots of the

data{also described below, or (3) obtain supplemental

information about the data or about related topics. Sup-

plemental information includes information about the

satellites, the CPA and SOPA instruments, and about

the database itself. It also includes information about

the energetic particle team, a bibliography of publica-

tions which use the LANL energetic particle data, and

on-line collaborative projects.

Requesting Digital Data [ep request.html]

Digital data are stored as compressed text �les with

ephemeris and count rates. Typically the data need to

be processed before they are useful to the average user.

Therefore we have established a request system. The

�rst part of the request system is a World Wide Web

form [ep request.html]. To request data you specify

information such as your name and e-mail, the date and

times you want data for, what satellites, what energy

channels, the time resolution required, and whether you

want 
ux units or count rates. The request form gener-

ates an input �le to a program that actually processes

the data. Processed data are put in a unique directory

for each request. One data �le is produced for each

satellite and each day requested. The data are provided

as text �les (not compressed) and include ephemeris as

well as 
uxes or count rates. The requester is noti�ed by

e-mail when the data are ready and can download the

data by anonymous FTP or through a Web interface.

The data are received at Los Alamos in real time but

are processed daily. Therefore data are typically avail-

able within 24 hours of when they were acquired. The

system is currently optimized to request as little as a

few minutes of data or as much as several weeks worth

of data. Long-term surveys (months or years worth of

data) currently require too much processing power for

the on-line system. In the future, hourly and daily av-

erages will be produced and put on-line for long-term

studies.

Viewing Summary Plots [summary plot chose.html]

While access to digital data is often essential for a

study or as input to a model, it is often more convenient

to quickly view a summary plot of the data. Summary

plots can be useful to determine what satellites were

providing data at a particular time, where they were lo-

cated, and whether something interesting was happen-

ing. A quick check of a summary plot can let you know

whether it is even worth while requesting digital data.

One key to making summary plots useful is that it

must be quick and easy to view them, to �nd the date

you are interested in, and to page through plots as one

would with hard copy. For this to be practical, the plots

were pre-generated and saved as GIF images which are

veiwable by a web browser. Currently only one type of

summary plot has been produced. An example is shown

in Figure 1. These summary plots highlight substorm

injection activity. The plot shows 30-300 keV (for CPA)

or 50-315 keV (for SOPA) electron 
uxes over 24-hours

of universal time. The plot has stacked panels with one

panel for each satellite. The time at which the satel-

lite passed midnight is indicated with a vertical bar.

Substorm injections show up most clearly in the elec-

tron 
uxes when the satellite is near midnight or in the

dawn sector (e.g. in Figure 1, �1530 UT, for satellite

1989-046). Drifting injections of electrons can be seen

at other local times (e.g. in Figure 1, �1530 UT, for

satellites 1987-097 and 1990-095).

Using buttons the user can page through plots, for-

wards or backwards, from one day to another or by using

a form [summary plot choose.html] the user can chose

the year, month, and day of interest. Additional in-
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Figure 1. A typical electron summary plot. These

plots are viewable as GIF images with any Web browser.

There is one plot for each from 1979 to the present.

Additional hypertext buttons allow the user to page

through plots, to select other dates, or to get additional

information about the plots and the data.

formation and links to the other Los Alamos energetic

particle web pages are also provided.

As with the digital data summary plots are produced

on a daily basis and are generally available 24-hours

after the data were acquired. Other useful summary

plots are envisioned. Summary plots of \low energy"

protons in a format similar to those already available

for electrons will be available in the near future. For

higher energies monthly and/or yearly summary plots

will be made available for relativistic electron enhance-

ments (e.g. >2 MeV) and for solar energetic particle

events (e.g. >10 MeV). Several data synthesis prod-

ucts are being developed. A Geosynchronous Electron

Flux (GEF) index has been developed and is available

for testing. The GEF index is a single-variable time se-

ries of 50-300 keV electrons from whatever satellite is

closest to midnight. This index is useful for compari-

son with other indices such as AE or Dst and for more

complex analyses that are not amenable to input from

multiple energy channels and from multiple satellites. A

complimentary Global Geosynchronous Synthesis model

which interpolates between satellites for full local time

coverage is also being developed.

Conclusions

The development of new models of the radiation belts

will be made easier by ready access to energetic parti-

cle data from geosynchronous orbit. Better theoretical

models will bene�t from a better physical understand-

ing of the processes occurring at geosynchronous orbit

and from data that provide boundary conditions and

constraints on those models. Empirical models always

require data for input. In the simplest cases the models

represent conditions given by an average over a set of

data. New models, particularly those which will be de-

veloped for space weather applications, will require that

the models be driven in near-real-time by the actual

conditions measured in space.

To aid all these e�orts the Los Alamos energetic parti-

cle team has developed an on-line database of energetic

particle data from geosynchronous orbit which is acces-

sible over the internet. Digital data can be requested

and downloaded on-line. Summary plots can be also

be viewed on-line. In addition much of the information

needed to properly interpret the data can also be found

on-line. Only a portion of that information could be in-

cluded in this brief introduction to the data system. We

also note that, while much of the data system can be

considered complete, many more useful features will be

added as they are developed. Readers are encouraged to

browse the database and web pages for themselves and

to provide us with comments and suggestions.
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